
Heliyon 6 (2020) e04706
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Assessment of sustainability science education criteria in online-learning
through fuzzy-operational and multi-decision analysis and
professional survey

Jin Su Jeong, David Gonz�alez-G�omez *

Departamento de Did�actica de las Ciencias Experimentales y Matem�aticas, Universidad de Extremadura, Avd. de la Universidad s/n, 10004 C�aceres, Spain
A R T I C L E I N F O

Keywords:
Education
Sustainable development
F-DEMATEL/MCDA
E-learning
Higher education
Science education
Prioritization
* Corresponding author.
E-mail address: dggomez@unex.es (D. Gonz�alez-

https://doi.org/10.1016/j.heliyon.2020.e04706
Received 11 May 2019; Received in revised form 4
2405-8440/© 2020 Published by Elsevier Ltd. This
A B S T R A C T

Sustainable development in education is growing a public awareness and is gaining an increasing importance to
improve a long-term learning program. However, a higher sustainability education is an initial phase as ever in
many universities. E-learning systems in science education based on innovative information and Information and
Communication Technologies (ICTs) have close relationship in effective long-standing learnings of sustainability
and numerous criteria. Also, the technological challenge integrated to sustainability science education has been
focused on e-learning programs, which can fill current educational niche. This paper presents a combined
application, Fuzzy-DEcision-MAking Trial and Evaluation Laboratory/Multi-Criteria Decision Analysis (F-
DEMATEL/MCDA) technique, identifying and analyzing e-learning systems' the most essential criteria for sus-
tainability science education. The main criteria to accomplish this goal proposed are delineated, weighted,
appraised and assigned into four groups such as sustainability, science education, e-learning and technology
criteria. Sixteen sub-criteria were analyzed by the participatory F-DEMATEL technique on the basis of coefficients'
value and computation in the context of impact and examination. For the final decision problem, the most
important criteria are acquired with the help of Weighted Linear Combination (WLC) assessed by six imple-
mentation strategies’ sensitivity analysis (A to F) and the sub-criteria by a professional online survey. Analysis on
F-DEMATEL/MCDA shows sustainability criteria (Strategy A, 0.54 with 84% most likely and likely professional
perception survey) that is the most essential criteria in sustainability and e-learning systems science education.
Also, it indicates information environmental (0.57 with 77% most likely and likely professional perception sur-
vey) is the most essential variable among sub-criteria. Strategy F considering the most important criteria as equal
(0.25) got 19% positively perception professional assessment. Consequently, fuzzy-operational and multi-decision
analysis and professional survey could be utilized to find out the most essential sustainability science e-learning
criteria that also could be engaged to make pliable and pertinent decision features.
1. Introduction

Sustainability issues are getting more public attentions together with
concurrent science courses' increase and offer based on e-learning sys-
tems of novel information and Information and Communication Tech-
nologies (ICTs) (Lozano et al., 2013; Pereira et al., 2008). However,
sustainable science instruction is still in an early stage of higher educa-
tion that requires various criteria such as new competences, flexibility,
and competition among universities (Jeong and Gonz�alez-G�omez, 2020;
Lozano and Young, 2013). Thus, science e-learning education systems on
the basis of innovative information and ICTs have great connection for
successful long-standing learnings in sustainable development (Shee and
G�omez).
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Wang, 2008). Here, the technological challenges integrated to sustain-
ability science education has been focused on e-learning programs, which
can fill current educational niche (Eneroth, 2000). For multi-criteria
decision-makings, the e-learning systems' widespread assortment and
appraisal for initiating e-learning systems’ ranking together with the
Fuzzy-DEcision-MAking Trial and Evaluation Laboratory (F-DEMATEL)
method have been utilized to form an operational organization amongst
the criteria and worth (Jain et al., 2015; Jeong and Ramírez-G�omez,
2018). Numerous features and aspects of e-learning connected with ap-
plications that are utilizing the F-DEMATEL/MCDA have been analyzed
to show whole qualifications and experiences, which are equivalent for
both e-learning and conventional procedures (Su et al., 2016; Wan and
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Dong, 2020; Wan et al., 2018). Because of the reasons detected and the
absence of literature, it is necessary to scrutinize the criteria and
sub-criteria for e-learning systems in sustainability science education. So,
the research suggested will fill the current gap and present its states of art
related with the topic proposed.

In this work, the distinct criteria and sub-criteria are identified and
analyzed for sustainability science e-learning systems with a help of F-
DEMATEL/MCDA method as a combined application that is on the basis
of the beginning outcomes by an ongoing development, in a more long-
term learning program. The main criteria to accomplish this goal pro-
posed are delineated, weighted, appraised and apportioned into four
groups such as sustainability, science education, e-learning and tech-
nology criteria and sixteen sub-criteria with regard to the participatory F-
DEMATEL technique with the coefficients' value and calculation in the
context of influence and examination. In the final decision problem, the
most important criteria are attained through the application of the
Weighted Linear Combination (WLC). Afterwards, this work deliberates
the proposed six implementation strategies’ likelihood of sensitivity
analysis and their sub-criteria (A to F) by an online decision-makers
survey. The recommended approach is structured firstly addressing and
discussing the states of arts of this work related with the current literature
in the “Theoretical foundations”. Secondly, it defines the “Materials and
methods” presenting the F-DEMATEL/MCDA method that mainly veri-
fied in the projected educational environments. In the “Results and dis-
cussions” part, it discusses the results from the recommended approach.
In the final and last part, the “Conclusions” summarizes reflections and
deliberations attained from this method and explains proposals for
further work.

2. Theoretical foundations

E-learning and online-learning are considered as teaching/learning
processes based on a proper educational model, which allow flexible and
pertinent learner-centered education due to ICTs in sustainability edu-
cation (Lee and Lee, 2008; Pereira et al., 2008; Shee and Wang, 2008).
The ICTs help e-learning systems being in virtual learning platforms, in
which multi-faceted communications can be happening, such as teacher
to teacher, teacher to student and student to student (Garrison, 2000;
Narciss et al., 2007; Pereira et al., 2008). E-learning system particularly
takes the independence of occasion and position, a self-restricted
learning procedure and inter- and multi-disciplinary advance in teach-
ing/learning constituting fundamental components for sustainability
education (Garrison, 2000; Lee and Lee, 2008; Lozano et al., 2013;
Narciss et al., 2007). Hansen (2008) emphasized that students in
e-learning system usually have greater sense of knowledge, which lead to
successful transformative learning as well other researchers (Arbaugh,
2000; Schramm et al., 2001). Moreover, the learning attainments by
students mentioned by Paechter et al. (2010) are meticulously related to
e-learning systems' personalities, that is, learning strategies' flexibility
and knowledge exchange as multi-directional communications. In
self-controlled and cooperative learning process, students' greater
learning achievements are related with all important sustainability ed-
ucation issues (Lambrechts et al., 2018; Narciss et al., 2007; Moura et al.,
2010). In addition to ICTs and innovative material, science e-learning
education systems could be of excessive correlation for sustainable
development in actual long-term and life-long learning along with
various criteria (Azeiteiro et al., 2014; Garrison, 2000). Also, the tech-
nological challenge integrated to sustainability science education has
been focused on e-learning programs, which can fill current educational
niche (Eneroth, 2000; Paechter et al., 2010). Particularly, for using sus-
tainability education, this area assesses teaching technologies’ applica-
tion integrated to transformational teaching/learning and sustainability
challenges, that is, an ICT-based teaching/learning in sustainability ed-
ucation (McVey, 2016; Nowotny et al., 2018; Pavlova, 2013). However,
typical e-learning classes are still more dominated that require more
specific research for the usefulness of e-learning systems. The review and
2

debate of recent published articles indicate explanation and compre-
hensive analysis in higher education for sustainable (science) e-learning
education systems (McVey, 2016; Nowotny et al., 2018). Thus,
multi-criteria of e-learning system are required to adapt operational
methods with various decision-makers in sustainability (science)
education.

Sustainability education raises and pursues known consciousness and
a life-long education quality as gaining increasing attention in various
educational domains (Eneroth, 2000; Lozano et al., 2013; Sterling,
2001). The United Nations Educational, Scientific and Cultural Organi-
zation (UNESCO) Decade of Education for Sustainable Development
(DESD) in the United Nation (UN) and UNESCO 2015–2030 Agenda have
been trying to integrate sustainable education's objectives, philosophies,
exercises and beliefs (Pavlova, 2013; Segal�as et al., 2009; UNESCO,
2017). Universities in higher education should be a part of a universal
structure suggesting sustainability education, which shapes its aim to
people along with ability and knowledge that will reflect on their
behavior effects (Barth et al., 2007; G�onzalez-G�omez et al., 2019; Valcke,
1991; Wiek et al., 2011). Particularly, it is pointed to the achievement of
skills, information, knowledge and worth, is reoriented to the academic
curricula, and is raised to better concept understanding towards sus-
tainability (Læssøe et al., 2009; Lozano, 2006; Wals, 2010). Sterling
(2001) mentioned that sustainable education is an educational culture
change for human's potential realization and economic, social and
ecological interdependence, which will conduct into transformative
learning. Mezirow (1997) in transformative learning indicated the re-
sponsibility of instructors who can assist learners that attain a more in-
dependent and trustworthy goals. In an instructional culture context,
teaching developments and resolutions contemplate on authorizing ap-
prentices in addition to standards, abilities, communication and a
thinking-method that execute as transition negotiators to sustainable
development (Fadeeva andMochizuki, 2010; Sterling and Thomas, 2006;
Thomas, 2009). Sustainability science education is related with knowl-
edge acting and embracing the principles for sustainability education.
However, it can't connect a distinct research area that can be own mea-
surements, approaches and proficiencies and scientific dexterities
(Bacelar-Nicolau et al., 2009; Kajikawa, 2008; Leal Filho et al., 2018).
Also, it is an emergent area inside of educational science that has a strong
tie to sustainability science education (Esmaeilian et al., 2018; Dis-
terherft et al., 2013; Pereira et al., 2008). Conversely, higher sustainable
science education is an initial phase as ever in many universities although
they have act various parts to transform societies and cultures by
enlightening decision-makers that are academics, entrepreneurs and
leaders. Thus, it is necessary to reflect characteristics of universities
changing relatively in slow speed (Lozano and Young, 2013; Lozano
et al., 2013). In the challenging situations, life-long (science) education
can produce a pedagogical potential act for filling e-learning system
niche (Eneroth, 2000; Paechter et al., 2010).

An application as Multi-Criteria Decision Analysis (MCDA) for
numerous situations accelerates various decision-makings by which
particular explanations are at a short distance and also varied criteria and
sub-criteria must be considered with decision-makers who disagree (Dias
et al., 2002; Jeong et al., 2013; Malczewski, 1999). Herein, the MCDA
method is considered as a main technique and tool, which has been
utilized in numerous foundations and disciplines, along with the Analytic
Hierarchy Process (AHP) that is the influential skill and tool used for
determining potential components for sustainability (science) education
through systems of e-learning (Gemitzi et al., 2006; Saaty, 1996; Zare
et al., 2016). E-learning systems' widespread assortment highlighted for
initiating multi-criteria -learning decision-making systems' ranking (Jain
et al., 2015). They also used the MCDA problems to propose an
approximation method of weighted distance-based one with ideal
elucidation similarity comparison (Jain et al., 2016). Islas-P�erez et al.
(2015) defined standard and criteria set for e-learning systems that
intended to be funding e-learning tools’ clients and management systems
to build enhanced decisions. Thus, the F-DEMATEL scheme is exploited
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to form an operational preparation amongst the criteria and their worth
(Büyük€ozkan and Çifçi, 2012; Govindan et al., 2015; Jeong and Ramír-
ez-G�omez, 2018; Wan et al., 2018). Numerous features and aspects of
e-learning associated applications utilizing the F-DEMATEL/MCDA have
been analyzed to show entire qualifications and experiences that are
equivalent on behalf of e-learning and conventional procedures (Deliv-
and et al., 2015; Jeong and Ramírez-G�omez, 2018; Parkes et al., 2014;
Wan et al., 2019). A novel hybrid model showed with fuzzy multi-criteria
decision-makings that the F-DMATEL method was expended for
improving a prominent and effective relationship for a network (Su et al.,
2016). The context of participatory network is engaged and founded by
the F-DEMATEL technique amongst the criteria and the worth (Chen-Yi
et al., 2007; Jeong and Ramírez-G�omez, 2018; Lin, 2013). Garg and Jain
(2017) mentioned science e-learning configurations with an ordered
development scheme using fuzzy MCDA method and F-DEMATEL ana-
lytic network process found the influential weights together with the
establishment of Yang et al. (2017). F-DEMATEL analytic network pro-
cess can be used a practical network communication case in service in-
dustry as an example (Su et al., 2016; Yang et al., 2017). These reasons
aforementioned in addition to literature absence can show the necessity
to find out the criteria and sub-criteria of sustainable science e-learning
education systems.

3. Materials and methods

The F-DEMATEL/MCDA approach in this section is pertained to a
science subject in Primary Education, University of Extremadura, Spain.
Considering the subject proposed, this method is utilized into these
sixteen criteria proposed that are clustered into four groups, that is,
sustainability, science education, e-learning and technology criteria.
Here, a combined application, the F-DEMATEL/MCDA method together
with WLC and sensitivity analysis test through professional online sur-
vey, is employed the results to find out the most essential criteria in
sustainable science e-learning education system in long-term. A
Figure 1. An abstract modeling of F-DEMATEL/MCDA methodology: (a) Overall m
DEMATEL scheme.
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conceptual F-DEMATEL/MCDA frame is revealed as shown in Figure 1.
Assessing the most essential factors of sustainable science e-learning
education, the methodology is used for various steps as following.

3.1. Option of the groups, criteria and sub-criteria

The first significant phase of F-DEMATEL/MCDA is the criteria and
sub-criteria choice, and it can have probable components' robust inspi-
ration on the assessment of in sustainable science e-learning education
systems. Due to the characteristics of this operational methodology, there
is a limitation to select the criteria, and it is important to choose the most
suitable criteria and sub-criteria selection satisfying the objectives of this
research. Criteria in this work as shown in Figure 1 and Table 1 are
decided by the authors as the decision-makers. This selection was after
the decision-makers’ discussion with the real data determined by a wide
bibliography, policies and directives of the European Union (EU). Four
groups, specifically, sustainability, science education, e-learning and
technology criteria, have sixteen criteria. Here, these four different hi-
erarchical stages of organization had been utilized for the sustainability
science education decision-problems through e-learning systems.

3.2. Fuzzy-operational and multi-decision analysis

As the second significant phase, the F-DEMATEL technique, along
with the comprehensive chosen criteria as a certain out-ranking manner,
is employed to process the coefficients of criteria and sub-criteria worth.
They contemplate the impact and inspiration in the components of sus-
tainable science e-learning education systems in the context of the AHP
frame. On criteria and sub-criteria, the fuzzy-logic arrangement has been
betrothed to normalize and systematize the data. Along with common
ranking scale 0 to 1, the four groups aforementioned were reckoned,
which the least important 0 and the most important 1 for the proportion
of every criterion. Now, decision-makers delineate individual criterion's
proportional significance score in accordance with Pair-wise Comparison
odel of F-DEMATEL/MCDA; (b) Hierarchical MCDA arrangement; and (c) F-
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Matrix (PCM) due to not have the same significance score aforemen-
tioned. These criteria and sub-criteria value with the PCM can be decided
along with the Consistency Ratio (CR) matrix. In each matrix, it indicates
the calculation consistency of the worth committed. When a CR worth is
less than 10%, a thumb regulation will be working, but, if a CR worth is
more than 10%, decision-makers in this case should amend the made
decisions that can be concluded (Kablan, 2004).

3.2.1. F-DEMATL process
Lotfi Zadeh (1965) introduced the fuzzy-logic that is considered as a

robust device. This device deals with ambiguity, uncertainty and
vagueness of individual arbitration and valuation in the process of
decision-makings. Also, the researcher discussed real troubles in
decision-makings and intricated imprecision owing to not recognition of
their constraints and probable engagements (Zadeh, 1965). Conse-
quently, during the decision-makings’ formula, it is a prerequisite to
create fuzzy digits in practice. In this research, a fuzzified Likert scale is
commissioned to determine with regard to gain criteria ordinary matrix
Table 1. E-learning systems’ criteria and sub-criteria considered for sustainability sc

Criteria Sub-criteria Criterion context

Sustainability Physical Classification and description of physical sustaina
indicating basic and advanced physical paramete
the objectives presented.

Environmental Classification and description of environmental s
indicating basic and advanced environmental para
with the objectives presented.

Economic Classification and description of economic sustain
indicating basic and advanced economic paramete
the objectives presented.

Social Classification and description of social sustainabi
basic and advanced social parameters related with
presented.

Science
education

Program contents Classification and description of program content
education indicating basic and advanced program
parameters related with the objectives presented

Professors Classification and description of professors in scie
indicating basic and advanced professors' parame
with the objectives presented.

Course contents Classification and description of course contents
education indicating basic and advanced course c
parameters related with the objectives presented

System updates Classification and description of system updates i
education indicating basic and advanced system
parameters related with the objectives presented

E-learning Special programs Classification and description of special programs
indicating basic and advanced special programs'
related with the objectives presented.

Motivation Classification and description of motivation in e-
indicating basic and advanced motivation param
with the objectives presented.

Technology use Classification and description of technology use i
indicating basic and advanced technology use para
with the objectives presented.

Evaluation Classification and description of evaluation in e-l
indicating basic and advanced evaluation parame
with the objectives presented.

Technology Instrument delivery Classification and description of instrument deliv
technology indicating basic and advanced instrum
parameters related with the objectives presented

User interface Classification and description of user interface in
indicating basic and advanced user interface para
with the objectives presented.

Interactivity and support Classification and description of interactivity and
technology indicating basic and advanced interac
support parameters related with the objectives pr

ICT infrastructure Classification and description of ICT infrastructure
indicating basic and advanced ICT infrastructure
related with the objectives presented.
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(see Eq. (1)). As shown in Figure 2, a Triangular Fuzzy Number (TFN) is
shown in view of fuzzy-marks and connection occupations.

P¼ �
pij
�
ci � ci (1)

Simply, a general triplet (l, m, u) can be articulated inside of this
setting respectively l, m and u. They signify the worth in the lower, me-
dium and upper level. Akyuz and Celik (2015) described these worth in a
fuzzy set, that is, ðx� y� z). Eq. (2) shows the TFN association occasions.

μðxÞ¼

8>>>>>>>><
>>>>>>>>:

0; x < l

x� l
m� l

; l � x � m

u� x
u� m

; m � x � u

0; x � u

(2)

Considering the above comments, a TFN can be shown in Figure 2a,
which the linguistic and equivalent relations and worth, and triangular-
ience education.

Justification Weight Validation

bility
rs related with

Bacelar-Nicolau et al. (2009); Eneroth
(2000); UNESCO, 2005; UNESCO,
2017.

0.25 CR ¼ 0.083
< 0.1

ustainability
meters related

Kajikawa (2008); Lozano et al. (2013);
UNESCO, 2005; UNESCO, 2017.

0.57

ability
rs related with

Sterling (2001); Leal Filho et al.
(2018); UNESCO, 2005; UNESCO,
2017.

0.06

lity indicating
the objectives

Esmaeilian et al. (2018); Pavlova
(2013); UNESCO, 2005; UNESCO,
2017.

0.12

s in science
contents'

.

Jain et al. (2015); Lin (2013); Su et al.
(2016).

0.13 CR ¼ 0.089
-< 0.1

nce education
ters related

Islas-P�erez et al. (2015); Lozano and
Young (2013); Parkes et al. (2014).

0.56

in science
ontents'
.

Chen-Yi et al. (2007); Lozano et al.
(2013); Su et al. (2016).

0.26

n science
updates'
.

Garg and Jain (2017); Yang et al.
(2017); Zare et al. (2016).

0.05

in e-learning
parameters

Lee and Lee (2008); Lambrechts et al.
(2018); Shee and Wang (2008).

0.57 CR ¼ 0.091 < 0.1

learning
eters related

Pereira et al. (2008); Moura et al.
(2010); Narciss et al. (2007).

0.24

n e-learning
meters related

Hansen (2008); Lee and Lee (2008);
McVey (2016).

0.14

earning
ters related

Garrison (2000); Paechter et al.
(2010); Pereira et al. (2008).

0.05

ery in
ent delivery

.

Lee and Lee (2008); Lozano et al.
(2013); Nowotny et al. (2018).

0.25 CR ¼ 0.059 < 0.1

technology
meters related

Narciss et al. (2007); Shee and Wang
(2008); Pavlova (2013).

0.12

support in
tivity and
esented.

Azeiteiro et al. (2014); Garrison
(2000); Lozano et al. (2013).

0.07

in technology
parameters

Garrison (2000); Lee and Lee (2008);
Pereira et al. (2008).

0.54



Figure 2. Graph of fuzzy-logic: a. TFN; b. Functions of fuzzy-digits and relationship (Akyuz and Celik, 2015).
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fuzzy digits could be estimated on followed by Table 2. In Figure 2b,
fuzzy marks and relationship functions also are elucidated.

The DEcision-MAking Trial and Evaluation Laboratory (DEMATEL)
practice argued its complete/multifaceted decision-making problems by
Battelle Memorial Institute (Geneva, Switzerland) (Gabus and Fontela,
1972). This technique is acknowledged commonly for a complete and
multifaced tool that is to perceive the cause/effect correlation amongst
criteria estimated (Lin and Tzeng, 2009). Principally, the diagram theory
builds its technique that concedes visualization to examine and explain
the problems raised (Lin, 2013) and exhibits the relationship of inter-
dependence amongst the criteria and influential effect worth as well
(Govindan et al., 2015). The fuzzy-logic sets and DEMATEL procedure for
these facets are compound due to consider substantial components in
e-learning systems for sustainability science education.

Thus, the technique suggested is valuable to figure out the relations
amongst the criteria and organizing the criteria in accordance with the
relationships’ mode and their effects accuracy on each other criterion.
Besides, fuzzy combined DEMATEL has the important benefits that are to
reveal the fuzziness setting and directs with flexible fuzziness circum-
stance (Wu and Lee, 2007; Wu, 2012). In accordance with the benefits
proposed, the DEMATEL is utilized and then determines cause/effect
interactions on the criteria and attains the model on the basis of the TFN
linguistics parameterized. The F-DEMATEL flow diagram in this manner
is conveyed along with the key phases delineated as depicted in Figure 1c
(Chen-Yi et al., 2007; Liou et al., 2008; Wu and Lee, 2007). Herein, the
F-DEMATEL technique stipulates the succeeding phases stipulated with
the results attained according to Figure 1b.

1. As direct relationships, it resolves the ordinary matrix of criteria. The
authors in the weighting route after the discussion with professors,
researchers, educators and authorities contribute and build a con-
ventional mean of the medium through criteria relationship. The
decision-makers’ amalgamation of ranking worth is terminated in
which peij convey that e is the inclination of decision-makers and k is
the whole value of decision-makers that can be seen in Eq. (3).
Table 2. Conforming fuzzified Likert range relationship for judging the worth of
criteria (Jeong and Ramírez-G�omez, 2018).

Linguistic relation Linguistic worth Triangular fuzzy worth

No influence/impact to criterion 0.00 (0.00, 0.00, 0.25)

Very low influence/impact to criterion 0.25 (0.00, 0.25, 0.50)

Low influence/impact to criterion 0.50 (0.25, 0.50, 0.75)

High influence/impact to criterion 0.75 (0.50, 0.75, 1.00)

Very influence/high impact to criterion 1.00 (0.75, 1.00, 1.00)
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>>>>>> pðlÞij ¼ min
�
peij
� >>>>>>
pij ¼
�
pðlÞij ; p

ðmÞ
ij ; pðuÞij

�
¼

8
><
>>>>>>>:

pðmÞij ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiYk

i¼1
peij

k

r

pðuÞij ¼ max
�
peij
�

9
>=
>>>>>>>;

(3)

2. It indicates the criteria worth coefficients. Also, it interconnects with
entire matrices in correlation, viz. Cause and Effect Relationship Di-
agram (CERD). Here, the calculation of primary direct-relation me-
dium (D) normalized and indirect-relation medium (R) could be used
to find out the criteria weight coefficients (w), which performed by
applying Eqs. (4) and (5).

wi ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDi þ RiÞ2 þ ðDi � RiÞ2

q
(4)

3. It normalizes the coefficients in criteria worth, which can be figured
out normalized and controlled beginning effect matrices that are
performed by utilizing Eq. (5).

wi ¼ wiPn
i¼1wi

(5)

4. In Eq. (6), it defuzzifies the coefficients in criteria worth. The
defuzzified descriptions of the complete relative medium are utilized
in accordance with the validations aforementioned.

A¼ �
aðlÞ þ 4aðmÞ þ aðuÞ

� � 6�1 (6)

3.2.2. WLC process
For the third significant phase of F-DEMATEL/MCDA,WLC process can

be carried out for collecting the standardized and consistent criteria worth
in the e-learning systems for sustainability science education proposed. As
a relatively easy operational and rational application, the process of WLC
could be affected when it handles with the MCDA and could be employed
in various circumstances as well. With the criteria worth obtained by the F-
DEMATEL with participation of decision-makers (in this case the authors
with experts’ consultation), the combination of sub-criteria is executed to
criteria. Subsequently, the criteria combination is accomplished to final
important aspect for identifying e-learning systems in sustainability sci-
ence education by pertaining the WLC process.

5. In the problems on MCDA, it calculates the suitability worth in
accordance with the scoring degree utilized for the appropriateness
directory as a mutual classification measure 0 to 1 (the least impor-
tant 0 and the most important 1) for every criterion in Eq. (7) (Jeong
et al., 2014).



Table 3. Criteria worth combination through the sensitivity analysis.

Implementations Criteria weights

Sustainability Science education E-learning Technology

Prioritize to Decision-makers (A) 0.54 0.12 0.07 0.25

Prioritize to Sustainability (B) 0.50 0.167 0.167 0.167

Prioritize to Science education (C) 0.167 0.50 0.167 0.167

Prioritize to E-learning (D) 0.167 0.167 0.50 0.167

Prioritize to Technology (E) 0.167 0.167 0.167 0.50

Equal Weights to Groups (F) 0.25 0.25 0.25 0.25
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SIi ¼ n

j¼1
wixij (7)
X

where SI shows the degree worth on suitability, features' digit indicates n,
wi describes the worth feature i's regularized and homogenous sign and xij
signifies the weight worth i's worth on criterion.

3.2.3. Sensitivity analysis process
A sensitivity analysis is applied to check the results' constancy ac-

quired against the decision-makers’ subjectivity (Meszaros and Rapcsak,
1996). Particularly, as designated in Table 3, it was shepherded by
inserting dissimilar group weights that hereto elucidate the results' sta-
bility and make six implementations. Meanwhile, it can display corre-
lations’ different classes by appropriately choosing the weighting vector
amongst the combined criteria. The WLC in these implementations can
be delineated together with the i-th locality and an regimented weighted
setting, that is, w ¼ w1, w2,. . ., wn:

wj½0; 1� where 1; 2;…; n and
Xn

j¼1
wj ¼ 1 (8)

In the same way of WLC process, it can calculate the suitability worth
of each implementation that will be suggested and analyzed for the work
as a collective position hierarchy 0 to 1 in Eq. (7).

3.3. Survey modeling

As the fourth significant phase of F-DEMATEL/MCDA, the finalized
results attained by the earlier sensitivity analysis are considered and
calculated for e-learning system in sustainability science education. It is
fundamental to increase the sample as the broader purpose that yields
schemes, strategies and implementations for those decision-makers. With
the email questionnaires in a web link, the survey data were collected.
The survey questions specifically solved glitches and complications of
positive representatives and amplified efficacy by directing them barely
to representatives who were willing to judge the implemented strategies
suggested (Gillham, 2000). Particularly, with up-to-date standards, the
Figure 3. E-learning systems in sustainability science
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survey was prepared that took out distinct and individual preferences and
tendencies through the sizeable series of appraisal representatives (Kim
et al., 2008; Reips, 2002).

Thirty-nine answers in total were gathered and completed by the
questionnaire-based email survey between November 2018 and April
2019. All the interviewees worked as professors, educators, researchers
and authorities that the vast interviewees' majority (over 90%) deals with
educational and practical problems every day. The specific demographic
information describes that males were 67% and females were 33%. The
participants' average age was 42 years old found. The questionnaires
have three segments. Firstly, it queries questions for the interviewees'
general background information, e.g. work fields and positions of in-
terviewees. Secondly, the interviewees were requested to answer the
likelihood of the proposed six implementation strategies' sensitivity
analysis and their sub-criteria that could be performed if a guaranteed
implementation was used (How degree do you like the implementation
proposed?). Thirdly and finally, it provides a part for stating their email if
the interviewees are necessary to be notified of the study results in
conclusion. Specially, in the second part, the final results of most
important components in sustainable science e-learning education sys-
tems are specified along with a five-point Likert-type measure. Here, it is
required that interviewees should select one of the answers, if not, it
could not continue to next part and could not finish the survey. After
evaluating the implementations’ likelihood, interviewees had the op-
portunity to explain their answers and reactions into a blank text space.
For this part, thirty-one interviewees, 79%, clarified their reactions for at
least one feature.

4. Results and discussions

4.1. Results

Through the F-DEMATEL/MCDA method, the final results in this
work acquired was showed together with the WLC and sensitivity test.
They were originated by the sixteen possible effects and four groups as
education showing their hierarchical assembly.
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the indicator-based model to corroborate the most significant criteria of
sustainable science e-learning education systems for a program in more
long-standing education. Then, the utmost significant criteria are ob-
tained once applying the WLC and are assessed the six implementation
strategies’ likelihood via sensitivity analysis (A to F). Then, the sub-
criteria by a professional online survey is gauged. Subsequently, the
main outlines have been exposed by the results that are for addressing
sustainable science e-learning education systems.

Figure 3 indicates the layers of each criterion and sub-criterion
together with normalized worth, which acknowledged as the 0 to
1suitability indicator. Also, in Table 1, as it is labeled each information in
detail, the framework epitomizes dissimilar sixteen sub-criteria explo-
ration, which have an extensive validity in the context of the complete
appraisal. Definitely, the authors in this work as decision-makers after
the consultation with an expert panel comprising of professors, re-
searchers, educators and authorities have the total involvements in the
weighting and ranking process for this submission. Afterwards, the
preferred criteria are categorized into four crucial criteria and sub-
criteria, specifically, sustainability, science education, e-learning and
technology criteria. Sixteen criteria have a relationship with the growth
practice, completely, (1) Physical; (2) Environmental; (3) Economic; (4)
Social; (5) Program contents; (6) Professors; (7) Course contents; (8)
System updates; (9) Special programs; (10) Motivation; (11) Technology
use; (12) Evaluation; (13) Instrument diversity; (14) User interface; (15)
Interactivity and support; (16) ICT infrastructure. First sustainability
group covers criteria 1 to 4, the second science education group embraces
criteria 5 to 8, the third e-learning group entangles criteria 9 to 12, and
the fourth technology group encloses criteria 13 to 16. These hierarchical
four different stages of organization had been utilized for the sustain-
ability science education decision appraisal through e-learning systems.
The weighting values of the intermediate important components are:
0.54 for sustainability; 0.12 for science education; 0.07 for e-learning;
and 0.25 for technology criteria. Analysis on F-DEMATEL/MCDA de-
termines the most significant criteria of sustainable science e-learning
education systems that are sustainability components. Among them,
environmental sub-criterion is the most influenced and affecting
parameter.

Then, the sensitivity analysis produced six different implementations
along with transformedworth that were utilized into the four groups. The
important components to sustainable e-learning science education sys-
tem are identified as the communal positionmeasure 0–1, viz., the higher
the value indicates the more significant index. Definitely, the six dis-
similar implementations A to F indicate: A is the most significant criteria
with regard to weightings and rankings with authors and expert
consultation (0.54, 0.12, 0.07 and 0.25 for four criteria sustainability,
science education, e-learning and technology, correspondingly); B is in-
fluence and precedence to sustainability criteria (0.50, 0.167, 0.167 and
0.167 for four criteria sustainability, science education, e-learning and
technology, correspondingly); C is influence and precedence to science
education criteria (0.167, 0.50, 0.167 and 0.167 for four criteria sus-
tainability, science education, e-learning and technology, correspond-
ingly); D is influence and precedence to e-learning criteria (0.167, 0.167,
Table 4. Implementation strategies’ likelihood by the professional survey.

Answer grouping Implementations

A B

5 Very likely 31% 21%

4 Likely 53% 37%

3 Not likely, not unlikely 9% 19%

2 Unlikely 3% 14%

1 Very unlikely 2% 4%

0 Do not know/blank 2% 5%

Overall valuation 4.02 3.42
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0.50 and 0.167 for four criteria sustainability, science education, e-
learning and technology, correspondingly); E is influence and precedence
to technology criteria (0167, 0.167, 0.167 and 0.50 for four criteria
sustainability, science education, e-learning and technology, corre-
spondingly); and F is equal worth for all groups (all 0.25) according to
Table 3.

Analysis on F-DEMATEL/MCDA delivers equivalent results aimed at
every impact nevertheless of the indicators' value utilized for the
assessment. In sustainable science e-learning systems, the most important
criteria are obtained through the implementation strategy A (sustain-
ability with 0.54 in the index appropriateness measure 0 to 1). Further-
more, the sensitivity analysis effects confirmed the architype and pattern
shaped via the WLC that had extreme dependability and appropriateness.
The divided abstract developments were appraised through the afore-
mentioned decision-makers and, accordingly, these efforts put together
what professionals’ larger test reflects the likelihoods for the six imple-
mented strategies as exhibited in Table 4 and Figures 4 and 5. With the
five-point Likert scale, the thirty-nine decision-makers confirmed these
results strengthened by. The scenario A attained a 31% score of very
likely (84% most likely and likely positive perception, respectively 31%
and 53%)), while the scenario F obtained a 6% score of very likely (19%
most likely and likely positively perception, respectively 6% and 13%)).
On the basis of criteria weightings and rankings, and survey analysis,
remarkably, the scenario A that we found out was the favored one and the
least favored one was the scenario F. In the scenario A, particularly,
environmental (0.57) is the most affected variable with 77% positive
perception (see Figure 5). Furthermore, the scenarios C and E had a
variance, however these scenarios not had a meaningful alteration.
Consequently, the implemented strategies are reflected possibility for the
applicable implemented strategies of sustainable science e-learning ed-
ucation systems.
4.2. Discussion

The validated results indicate the states of art based on the choice of
the significant and diverse criteria and sub-criteria in sustainable science
e-learning education systems. Here, an exclusive decision-support
scheme specifies for sustainable science e-learning education systems
that diverse scenarios from decision-makers’ input. Then, it can fill de-
cision-makers’ aim further that can a MCDA niche in sustainable science
e-learning education systems.

With the ICTs in sustainability science education, its teaching/
learning process can be multi-faced among teacher to teacher, teacher/
student and student/student (Garrison, 2000; Pereira et al., 2008). Lor-
enzo Romero et al. (2014) indicated that a system based on e-learning
also can be a self-regulated learning process and inter- and
multi-disciplinary advance establishing essential components for sus-
tainability science education. Thus, Paechter et al. (2010) specified that
the characteristics of systems based on e-learning have knowledge ex-
change and learning strategies' flexibility as multi-directional commu-
nications. Particularly, e-learning systems in science education together
with the ICTs and novel information could be associated with sustainable
C D E F

13% 8% 17% 6%

32% 19% 33% 13%

15% 9% 18% 11%

23% 40% 17% 43%

13% 18% 11% 20%

4% 6% 4% 7%

2.97 2.41 3.16 2.21



Figure 4. Six implementations Likert range survey analysis via the method of WLC and sensitivity analysis.
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development's various criteria (Azeiteiro et al., 2014; Garrison, 2000).
The challenge of incorporating the skills and technologies into sustain-
ability science education has been made to pay attention in e-learning
programs that fill existing educational gap (Paechter et al., 2010). For
using sustainability education, this area measures teaching technologies'
application integrated to transformational teaching/learning and sus-
tainability confronts, that is, an ICT-based teaching/learning in sustain-
ability education (Pavlova, 2013). To satisfy the necessity raised, this
research found out the relationships between e-learning system's
multi-criteria and sustainability science education. A detail examination
can be given for sustainable science e-learning education systems in
higher and advanced education.

Here, while raising attention to sustainability science education, it is
important to integrate various goals, principles, practices and values
(Gonz�alez-G�omez et al., 2016; Pavlova, 2013; UNESCO, 2017). It is
necessary in higher education to shape its structure of sustainability
science education, which aims to persons together with capability and
knowledge, which will redirect on their behavior outcomes (Barth et al.,
2007; Gonz�alez-G�omez et al., 2019; Wiek et al., 2011). Læssøe et al.
(2009) pointed out that the accomplishment of different skills, infor-
mation, knowledge and worth can be reoriented to the academic
curricula and better concept understanding to sustainability science ed-
ucation. Thus, Sterling (2001) indicated that its requirements for sus-
tainability science education were related with human's potential
realization and economic, social and ecological interdependence as
educational culture change. In the educational and cultural setting, the
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procedures and resolutions of teachings focus on empowering learners
along with dexterities, standards, evidence and a thinking-method,
which execute as sustainability transformation delegates (Fadeeva and
Mochizuki, 2010; Jeong et al., 2019; Thomas, 2009). Sustainability sci-
ence education is connected with knowledge performing and comprising
the sustainability education principles though a confident examination
part can connect with its specific methodologies, capabilities, compe-
tences and scientific and practical abilities (Bacelar-Nicolau et al., 2009;
Gonz�alez-G �omez and Jeong, 2018; Leal Filho et al., 2018). That is in
accordance with the results showed in this research to large cohorts of
criteria and sub-criteria of decision-makers as to check their importance
indices for the sustainability science education that will fill the peda-
gogical niche currently has.

Thus, the operational application deals with numerous situations that
require decision-makings for various criteria and sub-criteria (Malc-
zewski, 1999). In this research, it can have a strong benefit and direct
guidance for selected criteria assessment in sustainable science
e-learning education systems as a most significant step. It was empha-
sized that the extensive assortment and assessment of e-learning systems
are for MDCA on multiple criteria to initiate e-learning systems' ranking
(Jain et al., 2015). Thus, it was outlined the standard and criteria set
through e-learning/management tools envisioned to help e-learning
tools’ users and management systems to shape improved decisions
(Islas-P�erez et al., 2015). Particularly, the combination of the F-DEMA-
TEL and MCDA method can be the complete and multifaced tool as
perceiving the cause and effect connection among criteria estimated



Figure 5. Survey examination through Likert scale for sixteen sub-criteria categorized into four criteria.
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(Gabus and Fontela, 1972; Lin and Tzeng, 2009). Besides, the F-DEMA-
TEL method has a probability to engage entities challenging problems,
which are necessary for discrete/group decision-makings in the condi-
tions of fuzzy-logic (Wu and Lee, 2007). So, it can consider substantial
criteria and sub-criteria in e-learning systems for sustainability science
education as to examine and explain the relationship of interdependence
amongst the criteria and influential effect worth (Govindan et al., 2015;
Lin, 2013). With all interdisciplinary approach, it can give a highlight for
the study proposed to prove its states of art comparing with current
literature and can fill the gap that currently has. Therefore, we identified
and analyzed the criteria and sub-criteria of sustainable science
e-learning education systems.

Based on the implications of sustainability science education in
online-learning system, the results obtained showed the operational
methodology validity that can be utilized to authenticate most significant
criteria of sustainable science e-learning teaching systems. Particularly,
the results produced by the WLC, sensitivity and survey analysis indi-
cated respondents' patterns and probabilities, which could help probable
sixteen influences and four criteria (Jeong et al., 2013; Malczewski,
1999). Here, we can find out the results showed the sustainable science
e-learning education systems with regard to criteria/sub-criteria indica-
tor-based model ranking. It demonstrated the influenced six imple-
mentations' possibility recompensing in place of their adaptable details
(Lin, 2013). The acquired results started from the methods could be
utilized by studies to verify most important sustainable science e-learning
education system criteria in a corresponding education occurrence (Garg
and Jain, 2017; Jain et al., 2016; Su et al., 2016). The results recapitulate
possible obstacles and problems originated from conventional education
effects, through preferences and accomplishments for e-learning system
in sustainability science education that have not yet been sufficiently
utilized. Also, it could be commissioned to resolve their decision prob-
lems owing to the proposed methodology's flexible and pertinent feature.
The important conclusion carried out the most significant criterion in
9

sustainable science e-learning education systems through the method
proposed and applied that could postulate their preliminary classification
as well. Thus, using operational process amongst them, the results
exhibited a criterion method that can have the uppermost reliability.

5. Conclusions

The F-DEMATEL/MCDA combinational method in this research has
been used for an obligatory and general science subject as a bachelor's
degree in the University of Extremadura, Spain. It could therefore be
comprehended as a dominant presentation for identifying and analyzing
the most significant criteria of sustainable science e-learning education
systems in a more long-term and life-long learning program. The
participatory F-DEMATEL scheme in this work is utilized to stipulate the
worth coefficients of the criteria and the significance of each criteria/sub-
criteria according to professional decision-makers. Afterwards, the WLC
and sensitivity analysis are utilized to recapitulate the criteria worth and
the categorization of certain important components of sustainability
science e-learning systems with validation by professionals' survey. Pre-
cisely, 0 to 1 grading scale is represented for the results, viz., from the
least important to the most important components.

The F-DEMATEL/MCDA method was utilized to determine the
important criteria, ranking and likelihood together with the WLC and the
sensitivity analysis in dissimilar implementation strategies evaluated by
thirty-nine professionals' survey with a five-point Likert scale. Analysis
on F-DEMATEL/MCDA offers comparable outcomes for single influence
notwithstanding the markers' integer utilized on the assessment. The
most significant criteria in sustainable science e-learning education sys-
tems was the implementation strategy A along with sustainability of 0.54
in the 0 to 1 appropriateness index. Furthermore, through the WLC and
sensitivity analysis, the consequences revealed that the example gener-
ated great consistency and suitability. The professionals evaluated the
individual conceptual developments; thus, this work clears up what
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professionals' grander sample of contemplates are the possibilities of the
six implemented stratagems as disclosed in Table 4 and Figures 4 and 5.
The scenario A acquired a 31% very likely score (84% most likely and
likely positive perception, respectively 31% and 53%), while the scenario
F obtained a 6% very likely score (19% most likely and likely positively
perception, respectively 6% and 13%). On the basis of criteria’ weight-
ings and rankings, and survey analysis, remarkably, it could be discov-
ered that the scenario A was the most preferred and the scenario F was
the slightest preferred. In the scenario A, particularly, environmental
(0.57) was the most satisfactory variable with 77% positive perception
(see Figure 5). Furthermore, the scenarios C and E had a difference, but
they not had a meaningful difference. Consequently, for the effective
sustainable science e-learning education system, the strategies were
contemplated as practical in sustainability science education.

The attained results describe the innovative evidence on the significant
criteria selection of distinctive conceivable impact and influence concen-
trated in e-learning system for sustainability science education. This work
specifies a distinctive method for decision-support through the sustainable
science e-learning education system and likelihood approaches with
contribution through professional decision-makers and fulfills a gap of
MCDA practices and multi-criteria analyses. The main conclusion of this
work indicated in sustainable science e-learning education system that this
method could show the most promising criterion for science e-learning
systems for long-term learning programs, as well as stipulate their initial
ranking. The results are revealed on a piece produced operating the WLC
method and show the maximum consistency amongst them. Consequently,
this process has a much further continuous and complete MCDA aspect. It
could fulfil a niche and gap for MCDA methods for sustainable science e-
learning education systems along with the intention and influence of pro-
fessional decision-makers. Consequently, the most vital sustainable science
e-learning education system can be acquired through the method imple-
mented and applied in the context of comparable education circumstances.
Also, it could beutilized for resolvingMCDAproblemowing to theproposed
method's pliable and pertinent feature.

Declarations

Author contribution statement

D. Gonzalez-Gomez, J. S. Jeong: Conceived and designed the exper-
iments; Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote the paper.
Funding statement

This work was supported by the Ministry of Science, Innovation and
Universities of Spain (Project EDU 2016-77007-R. AEI/FEDER, UE) and
Consejerería de Economía e Infraestructura y FEDER funds (Projects
IB18004 and GR18004).
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.

References

Akyuz, E., Celik, E., 2015. A fuzzy DEMATEL method to evaluate critical operational
hazards during gas freeing process in crude oil tankers. J. Loss. Prevent. Proc. 38,
243–253.

Arbaugh, J.B., 2000. Virtual classroom versus physical classroom: an exploratory study of
class discussion patterns and student learning in an asynchronous internet-based
MBA course. J. Manag. Educ. 24, 213–233.
10
Azeiteiro, U.M., Walter Leal, F., Sandra, S.C., 2014. E-learning and Education for
Sustainability. Interactive Factory, Bern, Switzerland.

Bacelar-Nicolau, P., Caeiro, S., Martinho, A., Azeiteiro, U.M., Amador, F., 2009. E-
Learning for the environment. The Universidade Aberta (Portuguese open distance
university) experience in the environmental sciences Post-Graduate courses. Int. J.
Sustain. High Educ. 10 (4), 354–367.

Barth, M., Godemann, J., Rieckmann, M., Stoltenberg, U., 2007. Developing key
competences for sustainable development in higher education. Int. J. Sustain. High
Educ. 8 (4), 416–430.

Buyukozkan, G., Cifci, G., 2012. A novel hybrid MCDM approach based on fuzzy
DEMATEL, fuzzy ANP and fuzzy TOPSIS to evaluate green suppliers. Expert Syst.
Appl. 39, 3000–3011.

Chen-Yi, H., Ke-Ting, C., Gwo-Hshiung, T., 2007. FMCDM with fuzzy DEMATEL approach
for customers' choice behavior model. Int. J. Fuzzy Syst. 9 (4), 236–246.

Delivand, M.K., Cammerino, A.R.B., Garofalo, P., Monteleone, M., 2015. Optimal
locations of bioenergy facilities, biomass spatial availability, logistics costs and GHG
(greenhouse gas) emissions: a case study on electricity productions in South Italy.
J. Clean. Prod. 99, 129–139.

Dias, L., Mousseau, V., Figueira, J., Clímaco, J., 2002. An aggregation/disaggregation
approach to obtain robust conclusions with ELECTRE TRI. Eur. J. Oper. Res. 138,
332–348.

Disterherft, A., Leal Filho, W., Azeiteiro, U., Caeiro, S., 2013. Sustainability science and
education for sustainable development in universities e a critical reflection. In:
Caeiro, S., Leal Filho, W., Charbel, J., Azeiteiro, U. (Eds.), Sustainability Assessment
Tools in Higher Education Institutions. Mapping Trends and Good Practices at
Universities Round the World. Springer International Publishing, Switzerland.

Eneroth, C., 2000. E-learning for environment. Improving E-Learning as a Tool for
Cleaner Production Education. Licentiate Dissertation, Lund University, Lund,
Sweden.

Esmaeilian, B., Rust, M., Gopalakrishnan, P.K., Behdad, S., 2018. Use of citizen science to
improve student experience in engineering design, manufacturing and sustainability
education. Procedia Manufa 26, 1361–1368.

Fadeeva, Z., Mochizuki, Y., 2010. Higher education for today and tomorrow: university
appraisal for diversity, innovation and change towards sustainable development.
Sustain. Sci. 5 (2), 249–256.

Gabus, A., Fontela, E., 1972. World Problems, an Invitation to Further Thought within the
Framework of DEMATEL. Battelle Geneva Research Centre, Geneva, Switzerland.

Garg, R., Jain, D., 2017. Prioritizing e-learning websites evaluation and selection criteria
using fuzzy set theory. Manage. Sci. Lett. 7 (4), 177–184.

Garrison, R., 2000. Theoretical challenges for distance education in the 21st century: a
shift from structural to transactional issues. Int. Rev. Res. Open Dist. Learn. 1 (1),
1–17.

Gemitzi, A., Petalas, C., Tsihrintzis, V.A., Pisinaras, V., 2006. Assessment of groundwater
vulnerability to pollution: a combination of GIS, fuzzy logic and decision making
techniques. Environ. Geol. 49, 653–673.

Gillham, B., 2000. Developing a Questionnaire. Continuum, London.
Gonz�alez-G�omez, D., Jeong, J.S., Airado Rodríguez, D., Ca~nada-Ca~nada, F., 2016.

Performance and perception in the flipped learning model: an initial approach to
evaluate the effectiveness of a new teaching methodology in a general science
classroom. J. Sci. Educ. Technol. 25, 450–459.

Gonz�alez-G�omez, D., Jeong, J.S., Ca~nada-Ca~nada, F., 2019. Enhancing science self-
efficacy and attitudes of Pre-Service Teachers (PST) through a flipped classroom
learning environment. Interact. Learn. Environ.

Gonz�alez-G�omez, D., Jeong, J.S., 2018. EdusciFIT: a computer-based blended and
scaffolding toolbox to support numerical concepts for flipped science education.
Educ. Sci. 9 (2), 116.

Govindan, K., Khodaverdi, R., Vafadarnikjoo, A., 2015. Intuitionistic fuzzy based
DEMATEL method for developing green practices and performances in a green supply
chain. Expert Syst. Appl. 42, 7207–7220.

Hansen, D.E., 2008. Knowledge transfer in on-line learning environments. J. Market.
Educ. 30 (2), 93–105.

Islas-P�erez, E., P�erez, Y.H., P�erez-Ramírez, M., García-Hern�andez, C.F., P�erez, B.Z., 2015.
Multicriteria decision making for evaluation of e-learning tools. Res. Comput. Sci.
106, 27–37.

Jain, D., Garg, R., Bansal, A., 2015. A parameterized selection and evaluation of e-
learning websites using TOPSIS method. Int. J. Res. Dev. Technol. Manag. Sci. 22 (3),
12–26.

Jain, D., Garg, R., Bansal, A., Saini, K.K., 2016. Selection and ranking of e-learning
websites using weighted distance-based approximation. J. Comput. Educ. 3 (2),
193–207.

Jeong, J.S., García-Moruno, L., Hern�andez-Blanco, J., 2013. A site planning approach for
rural buildings into a landscape using a spatial multi-criteria decision analysis
methodology. Land Use Pol. 32, 108–118.

Jeong, J.S., García-Moruno, L., Hern�andez-Blanco, J., Jaraíz-Cabanillas, F.J., 2014. An
operational method to supporting siting decisions for sustainable rural second home
planning in ecotourism sites. Land Use Pol. 41, 550–560.

Jeong, J.S., Ramirez-Goomez, A., 2018. Development of a web graphic model with fuzzy-
decision-making Trial and Evaluation Laboratory/Multi-criteria-Spatial Decision
Support System (F-DEMATEL/MC-SDSS) for sustainable planning and construction of
rural housings. J. Clean. Prod. 199, 584–592.

Jeong, J.S., Gonz�alez-G�omez, D., Ca~nada-Ca~nada, F., 2019a. How does a flipped
classroom course affect the affective domain toward science course? Interact. Learn.
Environ.

Jeong, J.S., Gonz�alez-G�omez, D., Conde-Nú~nez, M.C., Gallego-Pic�o, A., 2019b.
Examination of students’ engagement with R-SPQ-2F of learning approach in flipped
sustainable science course. J. Baltic Sci. Educ. 18 (6), 880–891.

http://refhub.elsevier.com/S2405-8440(20)31549-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref4
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref4
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref16
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref16
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref16
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref19
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref32


J.S. Jeong, D. Gonz�alez-G�omez Heliyon 6 (2020) e04706
Jeong, J.S., Gonz�alez-G�omez, D., 2020. A web-based tool framing a collective method for
optimizing the location of a renewable energy facility and its possible application to
sustainable STEM education. J. Clean. Prod. 251, 119747.

Kablan, M.M., 2004. Decision support for energy conservation promotion: an analytic
hierarchy process approach. Energy Pol. 32, 1151–1158.

Kajikawa, Y., 2008. Research core and framework of sustainability science. Sustain. Sci. 3,
215–239.

Kim, M.H., Cho, T.B., Kim, K.H., 2008. Residents' attitudes to landscape and ecology of
idyllic housing sites: the case of South Korea. Landsc. Res. 33 (4), 487–501.

Lambrechts, W., Ghijsen, P.W., Jacques, A., Walravens, H., Liedekerke, L.V.,
Petegem, p.V., 2018. Sustainability segmentation of business students: toward self-
regulated development of critical and interpretational competences in a post-truth
era. J. Clean. Prod. 202, 561–570.

Leal Filho, W., Raath, R., Lazzarini, B., Vargas, V.R., de Souza, L., Anholon, R.,
Quelhas, O.L.G., Haddad, R., Klavins, M., Orlovic, V.L., 2018. The role of
transformation in learning and education for sustainability. J. Clean. Prod. 199,
286–295.

Lee, J., Lee, W., 2008. The relationship of e-learner’s self-regulatory efficacy and
perception of e-learning environmental quality. Comput. Hum. Behav. 24 (1), 32–47.

Laessoe, J., Schnack, K., Breiting, S., Rolls, S., 2009. Climate Change and Sustainable
Development: the Response from Education. A Cross-National Report from
International alliance of Leading Education Institutes. The Danish School of
Education, Aarhus University, Aarhus, Denmark.

Lin, R.J., 2013. Using fuzzy DEMATEL to evaluate the green supply chain management
practices. J. Clean. Prod. 40, 32–39.

Lin, C.L., Tzeng, G.H., 2009. A value-created system of science (technology) park by using
DEMETEL. Expert Syst. Appl. 36, 9683–9697.

Liou, J.J., Yen, L., Tzeng, G.H., 2008. Building an effective safety management system for
airlines. J. Air Transport. Manag. 14 (1), 20–26.

Lozano, R., 2006. Incorporation and institutionalization of SD into universities: breaking
through barriers to change. J. Clean. Prod. 14 (9-11), 787–796.

Lozano, R., Lozano, F., Mulder, K., Huisingh, D., Waas, T., 2013. Advancing higher
education for sustainable development: international insights and critical reflections.
J. Clean. Prod. 48, 3–9.

Lozano, R., Young, W., 2013. Assessing sustainability in university curricula: exploring
the influence of student numbers and course credits. J. Clean. Prod. 49, 134–141.

Lorenzo Romero, C., Alarc�on del Amo, M.C., G�omez Borja, M.A., 2014. Learning styles
and web technology use in business and economics university students. Procedia Soc.
Behav. Sci. 141, 1281–1290.

Malczewski, J., 1999. GIS and Multicriteria Decision Analysis. John Wiley & Sons, New
York.

McVey, M., 2016. E-learning and education for sustainability. Int. Rev. Educ. 62 (1),
117–121.

Meszaros, C., Rapcsak, T., 1996. On sensitivity analysis for a class of decision systems.
Decis. Support Syst. 16, 231–240.

Mezirow, J., 1997. Transformative learning: theory to practice. N. Dir. Adult Cont. Educ.
5–12.

Moura, A.P.M., Cunha, L.M., Azeiteiro, U.M., Aires, L., de Almeida, M.D.V., 2010. Food
consumer science post-graduate courses: comparison of face-to-face versus online
delivery systems. Br. Food J. 112 (5), 544–556.

Narciss, S., Proske, A., K€orndle, H., 2007. Promoting self-regulated learning in web-based
learning environments. Comput. Hum. Behav. 23, 1126–1144.

Nowotny, J., Dodson, J., Fiechter, S., Gür, T.M., Kenndy, B., Macyk, W., Bak, T.,
Sigmund, W., Yamawaki, M., Rahman, K., 2018. Towards global sustainability:
education on environmentally clean energy technologies. Renew. Sustain. Energy
Rev. 81 (2), 2541–2551.

Paechter, M., Maier, B., Macher, D., 2010. Students' expectations of and experiences in e-
learning: their relation to learning achievements and course satisfaction. Comput.
Educ. 54, 222–229.

Parkes, M., Stein, S., Reading, C., 2014. Student preparedness for university e-learning
environments. Internet High Educ. 25, 1–10.
11
Pavlova, M., 2013. Teaching and learning for sustainable development: ESD research in
technology education. Int. J. Technol. Des. Educ. 23, 733–748.

Pereira, A., Mendes, A.Q., Morgado, L., Amante, L., Bidarra, J., 2008. Universidade
Aberta's Pedagogical Model for Distance Education. Universidade Aberta, Lisbon,
Portugal.

Reips, U.D., 2002. Standards for internet-based experimenting. J. Ext. Psy. 49, 243–256.
Saaty, T.L., 1996. The Analytic Hierarchy Process. McGraw-Hill, New York.
Schramm, R.M., Wagner, R.J., Werner, J.M., 2001. Student perceptions of the

effectiveness of web-based courses. NABTE Rev 27, 57–62.
Segal�as, J., Ferrer-Balas, D., Svanstrom, M., Lundqvist, U., Mulder, K.F., 2009. What has

to be learnt for sustainability? A comparison of bachelor engineering education
competences at three European universities. Sustain. Sci. 4 (1), 17–27.

Shee, D.Y., Wang, Y.S., 2008. Multi-criteria evaluation of the web-based e-learning
system: a methodology based on learner satisfaction and its applications. Comput.
Educ. 50, 894–905.

Su, C.H., Tzeng, G.H., Hu, S.K., 2016. Cloud e-learning service strategies for improving e-
learning innovation performance in a fuzzy environment by using a new hybrid fuzzy
multiple attribute decision-making model. Interact. Learn. Environ. 24 (8),
1812–1835.

Sterling, S., 2001. Sustainable Education: Re-visioning Learning and Change. Schumacher
Briefings. ERIC.

Sterling, S., Thomas, I., 2006. Education for sustainability: the role of capabilities in
guiding university curricula. Int. J. Innovat. Sustain. Dev. 1, 349–370.

Thomas, I., 2009. Critical thinking, transformative learning, sustainable education, and
problem-based learning in universities. J. Transformative Educ. 7, 245–264.

UNESCO, 2005. UN Decade of Education for Sustainable Development, 2005-2014: the
DESD at a Glance. UNESDOC, New York.

UNESCO, 2017. UNESCO Moving Forward the 2030 Agenda for Sustainable
Development. UNESDOC, New York.

Valcke, M.M., 1991. Teacher education in Logo-based environments: a handbook for
teacher trainers. Educ. Comput. 7 (3-4), 293–304.

Wals, A., 2010. Mirroring, Gestalt switching and transformative social learning. Stepping
stone for developing sustainability competence. Int. J. Sustain. High Educ. 11 (4),
380–390.

Wan, S., Dong, J., 2020. Decision Making Theories and Methods Based on Interval-Valued
Intuitionistic Fuzzy Sets. Springer, Singapore.

Wan, S., Wang, F., Dong, J., 2018a. A group decision-making method considering both
the group consensus and multiplicative consistency of interval-valued intuitionistic
fuzzy preference relations. Inf. Sci. 466, 109–128.

Wan, S., Wang, F., Dong, J., 2018b. A three-phase method for group decision making with
interval-valued intuitionistic fuzzy preference relations. IEEE Trans. Fuzzy Syst. 26
(2), 998–1010.

Wan, S., Zhong, L., Dong, J., 2019. A new method for group decision making with
hesitant fuzzy preference relations based on multiplicative consistency. IEEE Trans.
Fuzzy Syst.

Wiek, A., Withycombe, L., Redman, C.L., 2011. Key competencies in sustainability: a
reference framework for academic program development. Sustain. Sci. 6, 203–218.

Wu, W.W., 2012. Segmenting critical factors for successful knowledge management
implementation using the fuzzy DEMATEL method. Appl. Soft Comput. 12 (1),
527–535.

Wu, W.W., Lee, Y.T., 2007. Developing global managers' competencies using the fuzzy
DEMATEL method. Expert Syst. Appl. 32 (2), 499–507.

Yang, M., Su, C., Wang, W., 2017. The use of a DANP with VIKOR approach for
establishing the model of e-learning service quality. Eurasia J. Math. Sci. Technol.
Educ. 13 (8), 5927–5937.

Zadeh, L.A., 1965. Fuzzy sets. Inform. Control 8, 338–353.
Zare, M., Pahl, C., Rahnama, H., Nilashi, M., Mardani, A., Ibrahim, O., Ahmadi, H., 2016.

Multi-criteria decision making approach in e-learning: a systematic review and
classification. Appl. Soft Comput. 45, 108–128.

http://refhub.elsevier.com/S2405-8440(20)31549-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref39
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref39
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref39
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref45
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref45
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref45
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref45
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref46
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref46
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref46
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref81
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref47
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref47
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref47
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref49
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref49
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref49
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref58
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref58
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref59
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref65
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref65
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref65
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref66
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref66
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref66
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref67
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref67
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref68
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref68
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref69
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref69
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref69
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref70
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref70
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref70
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref70
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref71
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref71
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref72
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref72
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref72
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref72
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref73
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref73
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref73
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref73
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref74
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref74
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref74
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref75
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref75
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref75
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref76
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref76
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref76
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref76
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref77
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref77
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref77
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref78
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref78
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref78
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref78
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref79
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref79
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref80
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref80
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref80
http://refhub.elsevier.com/S2405-8440(20)31549-8/sref80

	Assessment of sustainability science education criteria in online-learning through fuzzy-operational and multi-decision ana ...
	1. Introduction
	2. Theoretical foundations
	3. Materials and methods
	3.1. Option of the groups, criteria and sub-criteria
	3.2. Fuzzy-operational and multi-decision analysis
	3.2.1. F-DEMATL process
	3.2.2. WLC process
	3.2.3. Sensitivity analysis process

	3.3. Survey modeling

	4. Results and discussions
	4.1. Results
	4.2. Discussion

	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


